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(57) Abstract 

An embossing and laminating machine 
is described comprising a first embossing 
cylinder (3) with a surface provided with 
a first set of protuberances (P3), a second 
embossing cylinder (5) with a surface 
provided with a second set of protuberances 
(P5), the said two embossing cy I inders 
forming a nip, and a first and a second 
pressure rollers (7, 9) interacting with the first 
and the second embossing cylinders (3, 5) 
respectively; and in which the protuberances 
of the said first and the said second sets 
(P3, P5) are made in such a way that in 
the said nip some of the protuberances 
of the first set (P3) coincide with some 
protuberances of the second set (P5), while 
other protuberances of the fi rst set are out o f 
phase with cOffe^ponolrm^rotuberanc^J of 
the second set The transmission between the 
two cylinders is a transmission which permits 
slippage and phase difference between the 
cylinders to produce uniform wear of the 
protuberances. 
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Description 



EMBOSSING AND LAMINATING MACHINE WITH EMBOSSING CYLINDERS HAVING DIFFERENT 
ROTATIONAL SPEED 

5 

Technical field 

The invention relates to an embossing and laminating 
machine comprising a first embossing cylinder with a 
surface provided with a first set of protuberances, a 

10 second embossing cylinder with a surface provided with a 
second set of protuberances, the said two embossing 
cylinders forming a nip, and a first and a second 
pressure roller interacting with the first and the second 
embossing cylinder respectively; and in which the 

15 protuberances of the said first and the said second sets 
are made in such a way that in the said nip some of the 
protuberances of the first set coincide with some 
protuberances of the second set, while other 
protuberances of the first set are out of phase with 

20 corresponding protuberances of the second set. 
Prior art 

Embossing machines are commonly used for the 
processing of paper layers in order to form a semi- 
finished product intended for the production of rolls of 

25 toilet paper, rolls of kitchen towels, tissues, paper 
serviettes, and the like. 

An embossing and laminating device and a method of 
the conventional type are described, for example, in US- 
A-3,414,459. The device described therein has completely 

30 identical and symmetrical embossing cylinders, with 
protuberances aligned in lines parallel to the axes of 
the corresponding cylinders. To overcome certain 
disadvantages of this device, EP-B-0,370, 972 describes an 
embossing machine in which the cylinders are completely 

35 symmetrical with respect to each other and the 
protuberances are aligned in lines, all of which are 
inclined with respect to the axes of the corresponding 
cylinders- 
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The embossing cylinders of these known devices 
(called tip-to-tip machines) are symmetrical and must be 
perfectly in phase, in such a way that in the area of 
their closest approach, where they are virtually in 

5 contact with each other at the positions of their 
protuberances and where the two layers are joined by 
pressure and gluing, there is an exact correspondence 
between all the protuberances of one cylinder and the 
corresponding protuberances of the other cylinder. 

0 Essentially, the protuberances of one cylinder are 
disposed in a right-hand spiral and the protuberances of 
the other are disposed in a left-hand spiral, the spirals 
having equal and opposite inclinations with respect to 
the axes of the corresponding cylinders. In this way a 

5 strip product is obtained, in which the protuberances of 
one layer coincide with those of the other layer and 
adhere to them, when one set of protuberances has been 
pressed against the other, after an adhesive has been 
applied to the protuberances of one of the layers. 

0 To overcome certain problems which arise when 

cylinders provided with very small and very closely- 
packed protuberances are used, it has been proposed (EP- 
A-0,426,548) that two layers should be embossed with 
different patterns, in other words patterns in which in 

5 at least one direction of alignment the protuberances of 
one layer have a different interval from that of the 
protuberances disposed in the same direction on the other 
layer. In this way a strip is obtained in which the 
layers are joined to each other in restricted areas and 

) not over the whole area of the strip. 

In practice, only some of the protuberances of one 
embossing cylinder correspond to the protuberances of the 
other cylinder in the nip between the two embossing 
cylinders through which the two layers to be joined and 

> laminated are made to pass. Thus there are small areas on 
both embossing cylinders in which the protuberances are 
subjected to mechanical and compressive stresses (whe*re 
the layers are joined) and large areas where the 
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protuberances are not subject to stresses (where there is 
no reciprocal correspondence between the protuberances of 
the two cylinders) . 

In embossing machines of the tip-to-tip type, the 

5 two embossing cylinders are kept exactly in phase and are 
adjusted so as to keep the protuberances of one cylinder 
always exactly in phase with the protuberances of the 
other cylinder. For this purpose, the two cylinders are 
connected mechanically by means of a pair of gears with 

10 devices for the resetting of the play in their 
engagement. The adjustment of the embossing machine is an 
extremely lengthy and complex operation, particularly as 
a result of the very small dimensions, of the 
protuberances, the machining tolerances, the static 

15 deformations due to the inherent weight and to the 
embossing stresses, and the thermal deformations due to 
the heat generated by the compression of the coating of 
the pressure rollers in normal operating conditions. 

The pressure exerted on the two layers during 

20 lamination between the embossing cylinders is 
considerable. When, as in EP-A-0,426,548, the areas of 
contact are reduced, there is a concentration of the 
stresses and an increase in the specific pressure, which 
eventually results in the protuberances being crushed in 

25 the areas of contact. 

Indeed , it has been f ound that the embos s ing 
cylinders made to produce a strip material as described 
in EP-A-0,426, 548 are subject to crushing in 
circumscribed areas (areas of contact) much more rapidly 

30 than conventional embossing cylinders designed to operate 
with exact coincidence between all the protuberances of 
one cylinder and all the corresponding protuberances of 
the other cylinder in the lamination area, and a 
consequent distribution of the stresses over a large 

35 surface area. 

Disclosure of invention 

The object of the present invention is to produce an 
embossing and laminating machine which requires no phase 
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matching between the embossing cylinders and which at the 
same time eliminates the disadvantage of having the 
pressure concentrating on, and consequently crushing, the 
protuberances on the cylinders. 

For this purpose, a transmission system between the 
embossing cylinders is provided which permits slippage 
between the cylinders and does not keep the cylinders in 
phase. This solution to the aforementioned problems is 
based on the recognition of the fact that if the 
protuberances of the cylinders correspond to each other 
in certain areas only, and not over the whole line of 
contact in the lamination nip between the two embossing 
cylinders, it is no longer necessary to keep the 
cylinders in phase with each other. The slippage may be 
of the order of 0.5-3 °/ 00 . 

This ensures a much longer service life of the 
embossing cylinders, not only because the crushing due to 
the pressure is less rapid since it is distributed over 
all the protuberances, but also because a greater degree 
of crushing can be tolerated. In systems in which the 
protuberances are deformed in certain areas, the crushing 
of the working protuberances soon becomes such that 
correct lamination of the layers is no longer possible 
without the reciprocal interference of the non-deformed 
25 protuberances, but this is not the case with the 
embossing machine according to the invention, in which 
the crushing is uniform over the whole cylinder and can 
therefore be easily compensated by reducing the gap 
between the embossing cylinders. The concentrated 
crushing in certain areas, which is typical of known 
systems, also causes serious problems as far as applying 
glue to the layers is concerned. This is because, when 
the areas of contact between the cylinders become lower 
than the adjacent areas, the layer supported on the 
cylinder does not receive any glue in these areas, and 
therefore the two layers are not joined together. A 
limited degree of crushing concentrated in the area of 
contact between the embossing cylinders is sufficient for 
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adhesion to be lost between the layers leaving the 
embossing and laminating machine. 

The absence of phase matching and the use of a 
transmission which causes slippage between the two 
5 cylinders makes it possible to dispense with the whole 
laborious operation of adjusting the machine, with 
considerable savings of time and money. It also avoids 
all the problems due to the localized crushing of the 
protuberances . 

10 The use of a belt transmission, for example, has the 

further advantage of reducing the construction and 
maintenance costs of the transmission system. The 
lubrication problems typical of gear systems used 
hitherto for transmission of the motion are also avoided, 

15 and transmission noise is also reduced. 

Even greater advantages are obtained by using two 
embossing cylinders with slightly different diameters and 
keeping their peripheral velocities theoretically equal 
(except for the slippage due to the type of 

20 transmission) , by using flat pulleys with appropriate 
diameters. In this way the two cylinders, rotating one 
against the other, continuously change the points of 
reciprocal contact even if the slippage of the belt - is ~ 
zero, 

25 Further advantageous characteristics of the 

embossing machine according to the invention are 
indicated in the following description and in the 
attached claims. 

Brief description of the drawings 
30 The invention will be more clearly understood from 

the description and the attached drawing, which shows a 

practical and non-restrictive example of the invention. 

In the drawing: 

Fig. 1 is a diagram of the embossing and laminating 
35 machine ; 

Figs. 2 and 3 are two views, through II-II and III- 
III in Fig. 1 respectively, of a portion of the plane 
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development of the cylindrical surfaces of the two 
embossing cylinders, in a possible embodiment; 

Fig. 4 is a schematic view of a portion of the two 
embossed and joined layers as they emerge from the 
embossing machine shown in Figs. 1 to 3; 

Fig. 4 A shows a schematic section of the strip 
material in a plane perpendicular to the surface of the 
material and parallel to one of the directions of 
alignment of the protuberances; 

Fig. 5 is a view, similar to that in Fig. 4, of two 
joined layers produced by two embossing cylinders cut at 
the same angle; 

Fig. 6 shows an enlargement of a portion of Fig. 5; 
Fig. 7 shows a modified embodiment of the 
transmission system between two embossing cylinders. 
Detailed d escription of embodiments of the invention 

With reference to Fig. 1, an embossing and 
laminating machine, indicated by the number 1, will be 
described initially in a summary way. 
20 T wo embossing cylinders 3 and 5, disposed with 
parallel axes and having their surfaces provided with 
protuberances for embossing, are mounted on the frame of 
the machine 1. In the nip formed by the two cylinders 3 
and 5, the protuberances (or rather some of them, as will 
25 be explained subsequently) are in contact with each 
other . 

The embossing cylinder 3 ^ntera^s with a pressur e 
r oller 7 which may also be provided with an embossed 
surface, or may be covered with a yielding T natPriai^nrh 

30 as rubbe r or the like. Th e number 9 indicates a seco nd 
pressure roller similar to the roller 7 and interacting 
with the embossing cylinder 5. The two pressure rollers 7 
and 9 are mounted on corresponding moving elements 7A and 
9A which are hinged and subject to an elastic force, for 

35 example through two cylinder and piston systems 7B, 9B 
which press the corresponding pressure rollers against 
the corresponding embossing cylinders 3 and 5. 
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N3 and N5 indicate two layers of paper mater ial or 
the like which are fed between the embossing cylinder 3 
and the pressure roller 7 and between the embossing 
cylinder 5 and the pressure roller 9 respectively, so 
5 that they are embossed separately. The two embossed 
layers remain engaged with the corresponding embossing 
cylinders 3 and 5 and, after an adhesive has been applied 
by the unit 14 to the protuberances of the layer N3, are 
joined together in the nip between the t wo embossin g 

10 cy linders 3 and 5 , where the protuberances of one 
embossing cylinder move at a distance which is less than 
the combined thickness of the two layers N3 and N5 from 
the protuberances of the other embossing cylinder. In 
this way the necessary pressure for gluing the two layers 

15 and for forming a double strip material N2 is obtained, 
after which the material is removed by return rollers 10 
and 12, or by another known method, to be subjected to 
further processing on a production line, for example 
winding into rolls, 

20 The two embossing cylinders 3 and 5 are made with 

protuberances P3 and P5 distribu ted in such a way that, 
in the area where the layers are/join^, only some of the 



protuberances P5, while in the other areas there is no 

25 coinciden ce . 

This may be done in a known way, by distributing the 
protuberances as described in EP-A-0 , 426, 548 , in other 
words by forming the protuberances on one cylinder with 
an interval different from the interval of the 

30 protuberances on the other cylinder. However, this has 
the disadvantage that the two embossing cylinders have to 
be machined with different tools. 

Alternatively, the two embossing cylinders 3, 5 may 
be made in such a way that they have the same pattern 

35 embossed on both cylinders, but disposed at inclinations 
such that there is no super impositio n, in o ther words 
correspondence, between al l the protuberances of one 
cylinder and all the protuberances of the other cylinder, 



protuberances 
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but there is superimposition or coincidence in certain 
areas . 

For this purpose, according to a first embodiment, 
when the two embossing cylinders 3 and 5 are viewed from 
5 the same side (lines II-II and Ill-Ill in Fig. 1) they 
show two sets of protuberances (a first set on the 
embossing cylinder 3 and a second set on the embossing 
cylinder 5) , represented in partial plane development in 
Figs. 2 and 3. 

10 The protuberances P3 of the first set (embossing 

cylinder 3) are aligned in a first and second direction 
of alignment indicated by Lx 3 and Ly 3 , forming between 
them an angle a other than zero. In the example 
illustrated in Fig. 2, the protuberances P3 are disposed 

15 with the same interval along Lx 3 and along Ly 3 , but this 
need not be so. The direction Lx 3 forms an angle p 3 of 2° 
with the direction of the axis A3 of the first embossing 
cylinder 3. 

The protuberances P5 of the second set, on the 

20 embossing cylinder 5, are aligned in a third and fourth 
direction of alignment, indicated by Lx 5 and Ly 5 in Fig. 
3. The directions of alignment Lx 5 and Ly 5 form between 
them the same angle a (or at least an angle very close to 
a, for example with a variation of approximately 1-3°), 

25 and are orientated in the same direction with respect to 
the axis A5 of the embossing cylinder 5, The direction 
Lx 5 is inclined downwards from left to right in Fig. 3, 
as is the direction Lx 3 in Fig. 2. The angle p 5 formed by 
the third direction of alignment Lx 5 with the axis A5 of 

H> the embossing cylinder 5 is, in this embodiment, 
different from the angle p 5 and is equal to 6°. 

Protuberances P3 • and P5' are impressed on the two 
layers N3 and N5 in a pattern corresponding to that 
formed by the protuberances P3 and P5 on the two 

*5 embossing cylinders 3 and 5 respectively. Consequently, 
after the two layers have been joined, there is no 
superimposition or coincidence of each protuberance of 
one layer with a corresponding protuberance of the other 
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layer, but, as shown in Fig. 4, there is a correspondence 
in certain areas. The areas in which the protuberances 
coincide are separated from each other by areas in which 
the protuberances on one layer do not coincide with the 

5 protuberances of the other layer. Additionally, the areas 
in which the protuberances P3 1 and P5» coincide are 
aligned in two alignments which are not parallel to the 
axes A3 and A5 of the two embossing cylinders 3 and 5. 
This means that, as the two layers N3 and N5 are joined, 

10 the protuberances P3 and P5 of the two embossing 
cylinders come into contact gradually in the area of 
lamination (in other words, of joining) of the strips, 
with an advantageous reduction in the vibration of the 
machine, mechanical stresses and noise* 

15 In Fig. 4, Lx 3 ', Ly 3 ' and Lx 5 ', Ly 5 ' indicate the 

directions of alignment of the protuberances P3* and P5 1 
on the first and second layer respectively. The letter F 
indicates the direction of advance of the strip material 
leaving the embossing machine. 

20 When the two directions of alignment Lx 3 and Lx 5 are 

inclined at the same angle, for example P 3 = P5 = 3°, 
there is once again the advantage of having coincidence 
in certain areas of the protuberances of the joined 
layers N3 and N5, but the areas of coincidence are 

25 disposed in an alignment parallel to the axes of the 
embossing cylinders 3 and 5, as shown in Fig. 5. In this 
case, the advantage of a reduction in vibration is lost. 
However, there is the advantage of making two embossing 
cylinders 3 and 5 which have perfectly identical 

30 incisions (and therefore protuberances) . 

Fig. 6 shows a schematic enlargement of Fig. 5, 
where the areas of coincidence of the protuberances P3 1 
and P5 1 are clearly visible. 

In the preceding text, reference has been made to 

35 protuberances of truncated pyramidal form, which are the 
most common. These are easily produced using simple 
machining processes , for example by routing . In this 
case, the directions of alignment advantageously coincide 
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with the directions of the diagonals of the quadrilateral 
bases of the truncated pyramids. However, different forms 
of protuberance are not excluded. 

Additionally, the inclination characteristics 
5 described above of the directions of alignment of the 
protuberances may be uniform over the whole of the 
corresponding cylinder; in other words, the directions 

L Y3* ^5 and Lys may have the same inclination over 
the whole longitudinal development of the embossing 
10 cylinder 3 or 5 respectively. However, this is not 
essential, and the inclination of the directions of 
alignment may vary gradually along the axis of the 
cylinder, or may vary over successive sections of the 
cylinder. 

15 It should also be noted that a similar effect of 

partial superimposition of the protuberances P3, P5 is 
obtained if the two directions of alignment LX3 and L1X5 
are inclined in opposite directions with respect to the 
axes of the corresponding cylinders 3 and 5, but forming 

20 different angles with the corresponding axes. 

Both in the case in which the embossing cylinders 3, 
5 are made according to the illustrations in Figs. „ 2-6 
and in the case in which they are made with protuberances 
P3, P5 disposed at different intervals so as to obtain 

25 contact between the protuberances in certain areas, in 
order to prevent deterioration of the embossing cylinders 
as a result of crushing in certain areas only, which 
would rapidly cause them to become unserviceable, 
according to the invention the cylinders are rotated by 

30 means of a transmission which permits slippage between 
the two cylinders and therefore permits the cylinders to 
move out of phase. Fig, 1 shows an example of an 
embodiment of this type of transmission, which uses a 
flat belt 53 running around a driving pulley 51. The flat 

35 belt 53 runs round a pulley 55 keyed to the axle of the 
cylinder 3 and round a pulley 57 keyed to the axle of the 
cylinder 5. In order to obtain different directions of 
rotation for the two cylinders (clockwise for the 
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cylinder 3 and anticlockwise for the cylinder 5) , the 
outer face of the belt runs round the pulley 55 and its 
inner face runs round the pulley 57. The number 59 
indicates a tensioning pulley which allows the gap 
5 between the cylinders 3 and 5 to be adjusted. 

As is known by those skilled in the art, this type 
of transmission is not capable of maintaining the phase 
matching between the two pulleys 53, 55, and therefore 
slight slippages or movements out of phase are inevitable 

10 between the two cylinders. Whereas this phenomenon would 
be totally unacceptable in the embossing method using 
conventional tip-to-tip joining, according to the present 
invention it is precisely this characteristic of the 
transmission that is used to obtain the advantages and 

15 results described, namely the distribution of the 
crushing, increase in the service life of the cylinders, 
reduction in adjustment and maintenance operations, and 
the total elimination of the initial adjustment of the 
cylinders . A further advantage is the considerable 

20 reduction in transmission noise. 

To keep the contact pressure constant, it is 
possible for the two embossing cylinders 3,5 to be 
thermostatically controlled. It has been found that, by 
adjusting the embossing cylinders 3, 5 in such a way that 

25 they have a gap of 0 . 05 mm between them when the machine 
is cold, this gap is eliminated or considerably reduced 
after twenty minutes of operation, owing to the radial 
expansion of the embossing cylinders due to the rise in 
temperature during operation (caused by the interaction 

30 with the pressure rollers, which generates heat) . With a 
thermostatic control system, for example using a 
constant-temperature heat transfer fluid which circulates 
in the embossing cylinders 3, 5, it is possible to bring 
the temperature of the cylinders to a steady level before 

35 the start of the operating cycle, thereby setting the 
correct gap between the protuberances, which then remains 
unchanged throughout the operation. 
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Additionally, or alternatively, it is possible to 
use a system for controlling the pressure between the 
embossing cylinders 3, 5 which maintains this pressure at 
a constant level. This system is shown schematically in 
Fig. l. The second embossing cylinder 5 and the second 
pressure roller 9 are carried by an oscillating moving 
element 16, pivoted at 16A on the structure of the 
machine and pressed by a cylinder and piston actuator 18 
against a fixed stop 20 . A movable and adjustable stop 22 
carried by an extension 24 of the moving element 16 
interacts with the fixed stop 20. The fixed stop is 
provided with a load cell which sends a signal 
proportional to the force exerted by the moving stop 22 
to the control unit. When the geometry of the system, the 
force exerted by the cylinder and piston actuator 18 and 
the force detected by the load cell on the fixed stop 20 
are known, it is possible to deduce the reaction power 
between the two embossing cylinders 3, 5. Consequently, 
by keeping constant the force detected by the load cell 
(by the continuous adjustment of the adjustable stop 22 
by means of a dedicated actuator) it is possible to keep 
the pressure between the embossing cylinders 3 , 5 
constant at a predetermined value. 

The belt transmission between the embossing 
cylinders 3 and 5 has considerable advantages, as 
mentioned previously. However, the principal object of 
the present invention may also be achieved with a 
different type of transmission, for example a gear 
transmission constructed in such a way that the two 
embossing cylinders do not remain in phase, in other 
words in such a way that a slight difference in 
peripheral velocity, of the order of l-2°/ 00 for example, 
is maintained between the cylinders 3 and 5. Fig. 7 shows 
a gear transmission system capable of achieving this 
result. Two gear wheels 63 and 65 are keyed to the axles 
of the two cylinders 3 and 5 respectively. 

By contrast with conventional embossing machines, 
the two gear wheels 63, 65 do not engage directly, but 
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have three further gear wheels 67, 68, 69 located between 
them, the last of which is an idle wheel, while the 
wheels 67, 68 are keyed to a single auxiliary axle. In 
this way, by appropriately selecting the number of teeth 

5 on each gear wheel, it is possible to obtain the desired 
ratio of velocity between the cylinders 3 and 5, for 
example with the previously indicated difference of the 
order of l-2°/ 00 . The idle wheel 68 allows the two 
cylinders 3 and 5 to rotate in opposite directions. 

10 It should be understood that the drawing shows only 

an example, provided solely as a practical demonstration 
of the invention, and that this invention may vary in its 
forms and arrangements without departing from . the scope 
of the guiding concept of the invention. Any reference 

15 numbers in the enclosed claims have the purpose of 
facilitating the reading of the claims with reference to 
the description and to the drawing, and do not limit the 
scope of protection represented by the claims. 
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Claims 



10 



20 



1. Embossing and laminating machine comprising a first 
embossing cylinder (3) with a surface provided with a 
first set of protuberances (P3) , a second embossing 
cylinder (5) with a surface provided with a second set of 
protuberances (P5) , the said two embossing cylinders 
forming a nip, and a first and a second pressure roller 
(7, 9) interacting with the first and the second 
embossing cylinder (3, 5) respectively; and in which the 
protuberances of the said first and the said second sets 
(P3, P5) are made in such a way that in the said nip some 
of the protuberances of the first set (P3) coincide with 
some protuberances of the second set (P5) , while other 
15 protuberances of the first set are out of phase with 
corresponding protuberances of the second set, 
characterized in t-h ? +- the two embossing cylinders (3, 5) 
are mechanically connected by a transmission which does 
not keep the cylinders in phase and which causes slight 
relative slippage between them. 

2. Embossing and laminating machine according to Claim 
l, characterized in that the said transmission is a 
smooth belt transmission. 

3. Embossing and laminating machine according to Claim 
25 2, characterized in that the said belt transmission 

comprises a single belt (53) running round a driving 
pulley (51) and round two pulleys (55, 57) keyed on to 
the two cylinders (3, 5) in such a way that opposite 
directions of rotation are imparted to the two embossing 
30 cylinders (3, 5). 

4. Embossing and laminating machine according to Claim 
2 or 3, characterized in that the said belt is a flat 
belt. 

5. Embossing and laminating machine according to one or 
more of the preceding claims, characterized in that the 
protuberances (P3) of the first set are disposed with a 
first interval in a first direction (Lx 3 ) of alignment 
and with a second interval in a second direction (Ly 3 ) of 



35 
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alignment, the said first and the said second direction 
of alignment forming between them an angle (a) other than 
zero; in that the protuberances (P5) of the second set 
are disposed with the said first interval in a third 
direction (LX5) of alignment and with the said second 
interval in a fourth direction (Lys) of alignment, the 
said third and the said fourth direction of alignment 
forming between them an angle approximately equal to the 
angle (a) formed by the said first and the said second 
direction; and in that the said first direction of 
alignment (Lx 3 ) and the said third direction of alignment 
(Lx 5 ) are inclined in the same direction with respect to 
the axes (A3, A5) of the corresponding . embossing 
cylinders (3, 5), the said first and the said third 
directions of alignment (Lx 3 , LX5) having the same 
inclination (p 3 = (J5) with respect to the axes (A3, A5) 
of the corresponding embossing cylinders (3, 5) or 
different inclinations (p 3 , P 5 ) with respect to the axes 
of the corresponding embossing cylinders (3, 5). 
6. Embossing and laminating machine according to one or 
more of Claims 1 to 4, characterized in that the 
protuberances (P3) of the first set are disposed with a 
first interval in a first direction (Lx 3 ) of alignment 
and with a second interval in a second direction (Ly 3 ) of 
alignment, the said first and the said second direction 
of alignment forming between them an angle (a) other than 
zero; in that the protuberances (P5) of the second set 
are disposed with the said first interval in a third 
direction (LX5) of alignment and with the said second 
interval in a fourth direction (Ly 5 ) of alignment, the 
said third and the said fourth direction of alignment 
forming between them an angle approximately equal to the 
angle (a) formed by the said first and the said second 
direction; and in that the said first direction of 
alignment (Lx 3 ) and the said third direction of alignment 
(LX5) are inclined in opposite directions with respect to 
the axes (A3, A5) of the corresponding embossing 
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cylinders (3, 5) , and form with the said axes angles (P 3 , 
P 5 ) which are different from each other. 

7. Embossing and laminating machine according to one or 
more of Claims 1 to 4, characterized in that the 

5 protuberances of the first set (P3) are aligned in a 
direction of alignment with an interval different from 
that of the protuberances of the second set (P5) in the 
corresponding direction of alignment. 

8. Embossing and laminating machine according to one or 
10 more of the preceding claims, characterized in that the 

said protuberances have a density of between 6 and 150 
protuberances per cm 2 and preferably between 10 and 60 
protuberances per cm 2 . 

9. Embossing and laminating machine according to one or 
15 more of the preceding claims, characterized in that the 

two embossing cylinders (3, 5) are kept at a controlled 
temperature during operation. 

10. Embossing and laminating machine according to one or 
more of the preceding claims, characterized in that it 

20 comprises a load cell (20) which sends a signal 
proportional to the pressure between the two embossing 
cylinders (3, 5), and a control system which, on the 
basis of the said signal, keeps the pressure between the 
embossing cylinders (3, 5) constant. 

25 li. Embossing and laminating machine according to one or 
more of the preceding claims, characterized in that the 
two embossing cylinders have different diameters. 

12. Embossing and laminating machine according to one or 
more of Claims 1 and 5-11, characterized in that the said 

30 transmission comprises a set of gear wheels (63-68) which 
keep the two embossing cylinders in rotation at two 
slightly different peripheral velocities. 

13. Embossing and laminating machine according to one or 
more of the preceding claims, characterized in that the 

35 slippage between the two embossing cylinders is of the 
order of 0.5-3 °/ 00 . 

14. Embossing and laminating method in which 



WO 97/20687 



PCT/IT96/00238 



- 17 - 

a first layer (N3) of strip material is embossed and 
run round a first embossing cylinder (3) provided 
with a first set of protuberances (P3); 
a second layer (N5) of strip material is embossed 
5 separately from the first layer (N3) and run round a 

second embossing cylinder (5) provided with a second 
set of protuberances (P5) ; 

the two embossed layers (N3, N5) are laminated in a 
lamination nip formed between the said two embossing 
10 cylinders, an adhesive being applied to at least one 

of the said layers, the protuberances (P3, P5) of 
the two embossing cylinders corresponding to each 
other only in certain areas in the said lamination 
nip, 

15 characterized in that the said two embossing cyclinders 
(3, 5) are not kept in phase with each other. 
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